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ABSTRACT 

Multi Input - Multi Output (MIMO) processes are very commonly found in 
many chemical unit processes. Control of such MIMO processes is always 
challenging due to coupling between inputs and outputs. Even after very 
significant efforts made by the research fraternity, control of coupled MIMO 
process is still an open research issue. Computerized and easy to use 
laboratory scale set up is very essential to investigate performance of different 
control algorithm on MIMO process. An attempt is made to develop low cost, 
configurable, computerized and smaller size multi input multi output coupled 
process control laboratory test setup. The proposed set up has capability to 
interface with user friendly LabVIEW platform. With the help of this interface 
the user can easily deployed any newly developed algorithm and verify on this 
laboratory scale test set up. The performance of the developed set up is 
checked with different controller tuning conditions as well with different 
coupling condition of MIMO process. The performance confirms the 
functionality of the developed set up. 
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1. INTRODUCTION 

Processes with one input (manipulated) and output (controlled) variable quite a simple 
problem for control engineering. Such systems are popularly known as Single Input - 
Single Output (SISO) systems. Many processes do not fit into such simple control 
definition. Many industrial processes have more than one output as well input 
variables. For example, rate of production and quality of product. Therefore, there are 
usually minimum two control loops to deal with. Systems with more than one input 
and output are known as Multi Input - Multi Output (MIMO) or multivariable system. 
The most challenging aspect of the control of MIMO systems is the interaction 
between different inputs and outputs. In general, each input will have an effect on 
every output of the system. [1, 2] There are few MIMO systems, such that individual 
input only affects one particular output. These are relatively simple processes to 
control. These are decoupled MIMO processes. Because of coupling, in MIMO 
systems, signals interact in opposite way that results in obstacle for designing 
controller for such system. Classical PID control fails to control such processes. 
Hence high end control strategies like De-coupler design including two PID 
controllers , IMC or MPC are needed to be applied [3, 4]. 

One of the challenges in control education is to have an experimental visualization 
of the theoretical facts. Appropriate test setups are always needed to show interesting 
and industrially relevant control problems. [5]. The quadruple tank process has proved 
to be a very interesting system for control education [6, 7] as interesting properties 
such as the coupled nature of the plant, the measurable states, [8, 9] the nonlinear 
behaviour. The main objective behind the development of a laboratory test set up of 
quadruple tank system is to provide the facility to carry out different control exercises 
on MIMO system [10], Some of the possible experiments are listed below. 

• Control limitations due to interactions, model uncertainties, non-minimum phase 
behaviour. 

• Design of decentralized (often called “multi-loop”) controllers, and understand their 
limitations. 

• Implement de-couplers to reduce the effect of interactions, and understand their 
limitations. 

• Implement a multivariable control solution like Model Predictive Control (MPC). 

• Compare different control scheme on actual MIMO coupled process. 

An effort is made to develop low cost and user friendly test set up, which is 
capable to check different control algorithm for coupled MIMO system. 

The next section provides the details on development of quadruple-tank process 
set up. Detailed constructional aspects of a quadruple tank process’ apparatus are 
described along with the Lab VIEW interface details. It is important to verify the 
performance of the proposed system. The third section of the paper presents the 
control performance of the MIMO system for different settings of the coupling 
through the adjustment of the valves. Comparative results are presented in the section. 
Subsequent section of the paper comprises of the discussion on the performance 
analysis of the system. 
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2. QUADRUPLE TANK SYSTEM 
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Figure 1 (a) Block diagram of MIMO process (b) schematic diagram of quadruple tank 
system, (c) actual image of quadruple tank system 

Figure 1(a) shows block diagram of the proposed MIMO system. There are two 
manipulating variables as the DC voltage to the pump. There are two controlled 
variables as the height of tank 1 and tank 2. Figure 1 (b) shows the schematic diagram 
for quadruple tank apparatus, the setup consist of four interconnected tanks, two 
voltage controlled pumps and two three-way valves. Voltage supplied to pumps are 
considered the inputs to the system while level of lower two tanks are considered 
outputs of system. This makes it a Multi Input Multi Output system. Two 3-way 
valves which are employed in this set-up are used to determine the interaction 
between inputs and outputs. The coupling between two lower tanks can be changed 
with help of these two valves. Figure 1 (c) shows actual image of the proposed 
system. Mild steel structure is used to hold up overall system which comprises of 
plastic beakers, 1/4” piping, extension valves and 24 V DC booster pumps and three 
way valves. The valve spitting parameters oq and 012 determines interactions between 
two inputs and two outputs for example if oq = 0.8, 80 % of flow caused by input 1 
(control input to pump 1) enters tank 1 which affects output 1 (level of tank 1) and 
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20% of flow caused by input 1 (supply to pump 1) enters tank 4 which affects output 
2 (level of tank 2) causing coupling effect. 



Figure 2 Schematic diagram of interfacing of apparatus with Lab VIEW 

On-chip integrated pressure sensor MPX3V5004G [11] is used to sense the head 
pressure. The head pressure output is calibrated in terms of level. The sensor provides 
output in range of 0-5 V DC. It is low cost, reliable, small and easy to install. It does 
not require any additional signal conditioning circuit. The signals can be directly 
acquired into LabVIEW [12] using NI 6009 DAQ card [13], NI LabVIEW is used to 
create a user friendly HMI and as a controller [14], NI LabVIEW PID and Fuzzy 
Logic Toolkit for Windows [15] is being used. In order to establish communication 
between LabVIEW and the set up NI DAQ 6009 is used. This DAQ have adequate 
amount of digital and analog input/output ports/channels to meet the requirement. In 
order to properly drive the DC pump, motor driver IC LM298N [16] is used as shown 
in figure (2). A conventional laboratory DC power supply is employed to supply 
voltage to hardware setup. Hence a user friendly, reliable, cost effective setup for 
MIMO process control is prepared. 


3. PERFORMANCE ANALYSIS 

To confirm the functionality of the developed system, a set of experiments are carried 
out. Major property of a MIMO system includes presences of coupling between inputs 
and outputs. Thus, to determine interactions exists and can be manipulated; two 
simple close loops using PID controller is implemented. Closed loop response of 
different valve diversion factors [table (1)] and various PID settings [table (2)] are 
captured and presented. 


Table 1 Set of parameters for experiment to analyse effect of valve parameter values 



Valve parameters 


Controller 1 & Controller 2 Settings 

Sr. No. 

«l 

«2 

Coupling 

K„ 

Ki 

K d 

1 

0.6 

0.7 

Weak 

5 

0.010 

0 

2 

0.5 

1 

Weak 

5 

0.010 

0 

3 

0.4 

0.1 

Strong 

5 

0.010 

0 

4 

1 

1 

Nil 

5 

0.010 

0 
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Table (2) shows set of experiments with different values of ai & ob with the same 
PID settings, hese experiments help to explore effect of stability due to coupling in 
the process. 


Table 2 Set of parameters for experiment to analyse effect of different PID values 



Valve Parameters 

Controller 1 Settings 

Controller 2 Settings 

Sr. No. 

«l 

<*2 

K P 

Ki 

K d 

K P 

Kj 

K d 

1 

0.6 

0.8 

5 

0.010 

0 

5 

0.010 

0 

2 

0.6 

0.8 

5 

0.010 

0 

1 

0.010 

0 

3 

0.6 

0.8 

5 

0.010 

0 

15 

0.010 

0 

4 

0.6 

0.8 

2 

0.010 

0 

7 

0.010 

0 


4. RESULTS AND DISCUSSION 

This section covers the discussion on the results obtained for the set of experiments 
carried out as shown in table (1) and (2). Figure 3 (a) shows an output response for ai 
= 0.6 and 0.2 = 0.8. This is a case of weak coupling [5]. These values of valve 
parameter deliver 60 % of flow caused by input 1 (supply to pump 1) enters tank 1 
which affects output 1 (level of tank 1) and 40% of flow caused by input 1 (supply to 
pump 1) enters tank 4 which affects output 2 (level of tank 2) causing coupling effect 
from input 1 to output 2 and 80 % of flow caused by input 2 (supply to pump 2) enters 
tank 2 which affects output 1 (level of tank 1) and 20% of flow caused by input 2 
(supply to pump 2) enters tank 3 which affects output 1 (level of tank 1) causing 
coupling effect from input 2 to output 1. Hence, it is seen clearly from graph that set 
point is being tracked but due to input-output coupling the steady state value reaches 
the value slight above the set point. Similarly, figure 3 (b) shows response for ai = 
0.5 and 012 = 1 (weak coupling). It has been visualized that level in tank 2 (h 2 ) attains 
quickly because of interactions caused by input 1 but level in tank (hi) takes more 
time to track the set point due to coupling effect. Figure 3 (c) shows response for ai = 
0.4 and 012 = 0.1. This setting is considered as strong coupling. As it is shown in 
figure, very high amount of input-output coupling is makes system unstable and hence 
makes tank 1 overflow and tank 2 completely run dry. Figure 3 (d) shows response for 
ai = 1 and 012 = 1 (nil coupling). The setting of the valve makes the MIMO process 
free from coupling effect. Very good set point tracking for both hi and h 2 is found in 
the nil coupling case. 


Valve Parameters : alpha 1 = 0.6 alpha 2 = 0.7 
For Controller 1 PID tuning Kp = 5 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 5 Ki = 0.010 Kd = 0 



(a) 


Valve Parameters : alpha 1 = 0.5 alpha 2 = 1 
For Controller 1 PID tuning Kp = 5 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 5 Ki = 0.010 Kd = 0 



(b) 
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Figure 3 Output response of system keeping PID parameters constant and Valve parameters 
(a) cii= 0.6 &a 2 = 0.7, (b) ai= 0.5 & a 2 = 1, (c) ai= 0.4 & a 2 = 0.1, (d) ai= 1 & a 2 = 1 


Another verification of working of the developed set up is to investigate the effect 
of different PID controller setting on a MIMO system. As shown in table (2), the 
interactions of input-output kept same with ai =0.6 and a 2 = 0.8. But, the proportional 
gain (K p ), integral gain (K0 and derivative gain (Ku) are selected as shown in table 
(2). Set point tracking performance of four different controller settings are presented 
in figure 4 (a) to 4 (d) respectively. A MIMO coupled system exhibits property such 
that if gain of a controller is increased than simultaneously gain of another controller 
is required to be reduced to maintain overall stability of the system. 


Valve Parameters : alpha 1 = 0.6 alpha 2 = 0.8 
For Controller 1 PID tuning Kp = 5 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 5 Ki = 0.010 Kd = 0 



Valve Parameters : alpha 1 = 0.6 alpha 2 = 0.8 
For Controller 1 PID tuning Kp = 5 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 1 Ki = 0.010 Kd = 0 



(a) 


(b) 
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Valve Parameters : alpha 1 = 0.6 alpha 2 = 0.8 
For Controller 1 PID tuning Kp = 5 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 15 Ki = 0.010 Kd = 0 
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Valve Parameters : alpha 1 = 0.6 alpha 2 = 0.8 
For Controller 1 PID tuning Kp = 2 Ki = 0.010 Kd = 0 
For Controller 2 PID tuning Kp = 7 Ki = 0.010 Kd = 0 



(c) 


(d) 


Figure 4 Output response of system keeping valve parameters constant and PID settings (a) 
K p i =5, K p2 =5, (b) Kp! = 5, K p2 =1 , (c) K pl =5, K p2 =15, (d) K pl =2, K p2 =7 

Figure 4(a) shows that a decent response when controller are tuned to values K p i 
=5 and K p2 =5; When the controller gain are tuned with K p i =5 and K p2 =1 it is been 
observed that the setpoint tracking of level of tank 2 has satisfactory performance but 
the level of tank 1 could not track the set point. In case of controller tuning with 
K p i=5 and K p2 =15 the set point tracking performance is not satisfactory. It clearly 
unstable and controlled variable never reaches to set point. Figure 4(d) shows the 
better control performance with K p i=2 and K p2 =7. The above discussed set of 
experiments well demonstrates the presence of coupling effect between inputs and 
output. 

5. CONCLUSION 

A low cost and reliable laboratory set up for mulit input and multi output coupled 
process control test set up is developed. The PID control algorithm is developed using 
Lab VIEW platform. The user friendly interface has been developed for ease of 
working with the set up. The process has the enough flexibility to convert it in the 
SIMO as well MISO process to check the control algorithm performance for such 
systems. The performance of the test set up is verified with the different PID settings 
as well with different interaction (coupling) conditions among the inputs and outputs. 
The result are presented and found in line with the typical behaviour of MIMO 
process control. The proposed laboratory setup is capable to check and compare the 
performance of various high end algorithm of multivariable process control. 
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